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Abstract 
In this report the study of the elasticity stresses arising in the composite system "porous silicon – etching solution" will be 
discussed. For this purpose, the modified etching cell with piezoelectric transducer was adopted It was shown that the thermally 
induced pressures of the liquid confined inside of pores influenced dramatically on the time-domain shape of voltage signal 
detected on electrodes of the piezoelectric transducer. Therefore, the significant role of these pressures on the formation of 
general elastic stresses in the system was stated. The dependence of their magnitude and time delay on the thickness of porous 
silicon layer was found. Thus, the obtained experimental results could be a background for the new technique for the porous 
silicon in-situ study. 
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1. Introduction 
Nanocrystalline porous silicon and its various modifications are successfully applied in different area of modern 
material research (Korotcenkov & Cho 2010). In particular, these materials are widely used in the devices of micro-, 
nano-, optoelectronics, sensorics etc. However, the formation of porous silicon is stochastic, therefore, development 
of new methods of this process in-situ study is crucially important.  
It is known that in the nanocomposite system with liquid arise stresses related to the surface tension (Grosman & 
Ortega 2008), disjoining pressures (Gouin 2009). In the paper (Parkhutik 1999)  shown that for anodic etching of 
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silicon also arise dynamic stress accompanying pore growth. The pressure is of dynamic character – it disappears 
when the process of anodization is cut off and its value depends on the applied electric field. These stresses could 
effect on the etching process. From the other hand, in the paper (Andrusenko et al. 2012) experimentally investigated 
features of photoacoustic effect in nanocomposite ‘porous silicon – liquid’ structures. It has been shown that 
important source of the elasticity stresses in the silicon are caused by the thermal-induced pressures of liquid 
confined inside the nanopores. These pressures could also play significant role in the process of porous silicon 
etching, since the Joule heating of the system is appeared. 
In this paper the elasticity stresses appeared in the process of porous silicon etching will be discussed. For this 
purpose, the piezoelectric technique similar to one applied previously for photoacoustic signal measurement 
(Alekseev et al. 2011; Isaiev et al. 2014) was chosen. 
2. Experiment details 
In our experiments, porous silicon layer was obtained by electrochemical etching of monocrystalline p-type 
silicon (doped with boron) substrate with a resistivity 0.02 ȍ×cm and initial surface area 2.27 cm2. The thickness of 
the substrate was 500 μm. The solution for electrochemical etching was hydrofluoric acid and ethanol (HF 
(40%):C2H5OH). The Si wafer after cleaning with pure ethanol (99.99 %) was set-upped in a homemade Teflon cell 
(see fig. 1a). 
In the cell, silicon substrate as anode was used, and additionally placed graphite electrode was chosen as a 
cathode. For the electro-chemical etching the square-wave modulated current (frequency 15 Hz) with density 40 
mA/ɫm2 was applied. Maximum time for the electrochemical etching process was 150 min. The morphologies of 
resulting porous silicon layers were observed via SEM (see figure 1(b)).  
 
 
 
Fig. 1. (a) Schematic sketch of the used electrochemical cell with the piezoelectric transducer; (b) cross 
sectional micrographs of freestanding porous layer. 
 
The arising stresses in the porous silicon were detected by piezoelectric transducer rigidly fixed to the bottom 
side of silicon substrate through dielectric buffer layer. The dielectric layer was chosen to exclude the influence of 
applied current on the obtaining results. Also varying of the thickness of this layer allow us to obtain the best 
efficiently of contribution of elasticity stresses in the porous silicon layer on the general signal (Isaiev et al. 2014). 
Time-dependent voltages on the electrodes of piezoelectric transducer were recorded by oscilloscope.  
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3. Results and discussions 
Figure 2 shows the experimental signal obtained for the composite system “porous silicon – etching solution” at 
different time of etching process. These signals are averaged over 128 periods to exclude the influences of noises 
appeared during etching. As one can see from this figure, the voltage signal has different shapes in the different 
periods of chemical etching. 
Let us analysis the first half-period of the shape. One can observed the sharp rise at the beginning of the etching 
in each figures. After this rise, in the case of relatively small time (10 min) of etching, voltage grows monotonically. 
In the case of sufficiently long period of etching (90 and 150 minutes) the maximum and following after them 
minimum could be observed. 
These features are very similar to one observed early in the shape of the photoacoustic signal detected in the 
samples “porous silicon - liquid” (Andrusenko et al. 2012). As were shown in this article, they are caused by 
appearance and relaxation of thermally induced pressures (TIP) of the viscount liquid confined in the porous matrix. 
It should be mentioned, that the value of this pressures is strongly depend on the porosity and the thickness of 
porous silicon layer. Therefore obtained results are in a good correlation with this, since for the first time step (10 
minutes) the resulting thickness of porous silicon layer is not enough to make a valuable contribute of TIP to the 
signal. It is clearly from the figure that with increasing of the thickness of the porous layer (which increase with the 
time etching) these contribute is increased. 
 
Fig. 2. Time-dependent voltage of the detected signal for different time of the etching 
 
4. Conclusion 
In the paper elasticity stresses appeared in the process of porous silicon etching was studied. The piezoelectric 
transducer was used for measurement of the elastic field in the system under square-wave current application. It was 
shown that detected shape of the signal depends on the time of porous silicon etching. These dependences are most 
brightly pronounced through thermally induced pressures of liquid confined inside pores. Thus, the possibility of 
such method application for in-situ diagnostic of porous silicon etching process could be stated. 
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